The Central Arkansas Veterans Healthcare System (CAVHS) spends $1 million annually on occupational illnesses and injuries. To address the problem of injuries among hospital employees, a retrospective case-control study was conducted to examine select risk factors for work-related injuries (WRI) among CAVHS employees. Study methods included a review of employee health charts and computer and manual databases from 1997 to 2002 (N =2,050). The researchers found that WRI increased with age; WRI occurred more often in women than in men; WRI was greater among maintenance and custodial staff compared to direct caregivers, and less among 24 clerical staff; WRI occurred less often in parttime than full-time staff; and WRI increased with increasing body mass index. Developing standards, guidelines, and policies for preplacement screening, preventive measures, training, and education may help to minimize WRI and associated costs.
Minimizing work-related injury(WRI) costs and maximizing employee safety continue to be important goals in American industries. Identifying risk factors thatcontribute to WRI and how these risk factors are distributed in certain worker populations are steps toward achieving these goals. This study demonstrates how certain riskfactors may be represented among hospital employees. Such information can assist occupational health care providers in the development of interventions to build safer working environments by reducing injuryrisk. Interventions could include comprehensive education programs thatfocus on personal fitness, health, ergonomics, and safety; pre-and post-placement screenings; and protocol development for managing WRI and the rehabilitation of injured employees.
Despite their high injury rates, hospital workers have received less attention from researchers than those in identified hazardous industries (National Institute for Occupational Safety and Health [NIOSH], 2oo2a) . Few studies have investigated WRI among health care workers and other employees within hospital environments. Low back injuries, frequent among health care workers, cause the most work absences and are the most commonly reported (U.S. Department of Labor [USDL], 1997). These injuries account for 24% of all WRI and 31% of total compensation costs (Myers et al., 1999; USDL, 1997) . Several common factors are thought to playa role in the occurrence of all types ofWRI, including age, gender, type of employment, status of employment (full-versus part-time work), shift length, BMI, and employee health and wellness activity attendance.
AGE
Workers ages 25 to 54 account for more than 73% of WRI. Those younger than 25 account for approximately 16%, and those older than 54 account for approximately 8% (USDL, 1997) . Advancing age, in a statistically linear distribution (e.g., increasing age = increasing risk; therefore, those older than 54 are at higher risk than those younger than 54), increases the risk of musculoskeletal WRI, particularly high-cost back injuries, the rates of serious occupational injuries involving death or disability, and the missed workdays per incident (Dempsey, Burdorf, & Webster, 1997; Faucett & Werner, 1998; NIOSH, 1997; Zwerling et al., 1996) .
GENDER
In general, men have an injury rate 1.6 to 1.8 times higher than women and account for approximately 70% of nonspecific WRI (Centers for Disease Control and Prevention [CDC], 1998). However, women have a much higher incidence of assaults from patients, low back symptoms, repetitive motion disorders, and high-cost injury claims, especially among hospital workers (AIcouffe, Manillier, JANUARY 2006, VOL. 54, NO.1 , Fabin, & Faupin, 1999; BLS, 2000a; Dempsey et al., 1997; Yen, Edington, & Witting, 1992) .
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EMPLOYMENT TYPE
Among different types of hospital employees, direct caregivers are particularly vulnerable to overexertion from lifting and falls, the cause of 69% of nonfatal events requiring lost workdays (Faucett & Werner, 1998; Myers et al., 1999) . However, needlestick and sharps injuries remain most prevalent, least reported, and most preventable of serious WRI among direct caregivers (BLS, 2000a; Willy, Dhillon, Loewen, Wesley, & Henderson, 1990) . The general injury risk among direct caregivers is greater for employees who have an increased BMI, are female, are 45 years or older, have a tendency toward low back injury, work long hours, and rotate shifts (Brown & Thomas, 2003; Costa, 1996; Engels, van der Gulden, Senden, & van't Hof, 1999; Yassi et al., 1995) . Among maintenance workers, overexertion, being struck, or experiencing forcible contact with objects or equipment cause more than half of all injuries and result in more lost time and productivity than most other types of WRI (Brown & Thomas, 2003; Tsai, Gilstrap, Cowles, Waddell, & Ross, 1992) . Custodial employees are vulnerable to the same injuries as maintenance employees with the addition of exposure to harmful substances and needlestick and sharps injuries (BLS, 2000a; Brown & Thomas, 2003; CDC, 1998; Willy et al., 1990) . Clerical workers are often at high risk for carpal tunnel syndrome and other repetitive motion disorders caused by frequent repetitive tasks (BLS, 2000a; Brown & Thomas, 2003; CDC, 1998; NIOSH, 2002b) .
EMPLOYMENT STATUS
Hospital employees who work full-time may be at higher risk for WRI than part-time employees, especially for back injuries (Brown & Thomas, 2003; Morris, 1999; Park, Wagener, & Parson, 1997; Trinkoff, Storr, & Lipscomb, 2001) . However, research is needed to investigate part-time hospital workers' risk for WRI because part-time workers are a growing segment of servicerelated industry employees such as hospital workers.
SHIFT LENGTH
Important determinants of WRI and its severity include working rotating shifts, working more than 4 night shifts in a row, working more than 8 hours per shift, having reduced time between shifts, and working several consecutive workdays (Akerstedt & Knutsson, 2000; Love, 1997; Pollock, Cross, & Taylor, 1994; Rosa, 1995) . Common to hospital workers, employees working night shifts and varying shifts, or workers beginning or ending shifts are more likely to be injured secondary to fatigue, decreased alertness, and sleep deprivation (Akerstedt & Knutsson, 2000) .
BODY MASS INDEX
Obesity, defined as a BMI greater than or equal to 30, is a modifiable individual characteristic that increases the risk for musculoskeletal WRI (Faucett & Werner, 1998; Myers et al., 1999) , and has been cited as contributing to approximately 6.8% of U.S. health care costs (Leigh, Markowitz, Fahs, Shin, & Landrigan, 1997; Waehrer, Leigh, Cassady, & Miller, 2004; Wolf & Colditz, 1996) . Increased BMI has been identified as a risk factor for ankle fractures, back injuries, radiating neck pain, median mononeuropathy at the wrist, and increased absenteeism and health care costs among hospital and other types of workers (Bertera, 1991; Engkvist, Hjelm, Hagberg, Menckel, & Ekenvall, 2000; Fuortes, Shi, Zhang, Zwerling, & Schootman, 1994; Spaine & Bollen, 1996; Werner, Franzblau, Albers, & Armstrong, 1997) .
HEALTH AND WELLNESS PROGRAM ATTENDANCE
Several researchers have reported an association between increased participation in comprehensive health promotion programs and reductions in health care costs, personnel turnover, health risks, absenteeism, and improved clinical outcomes (Aldana, 2001; Dembe, Erickson, & Delbos, 2004; Gebhardt & Crump, 1990; Goodman, Browning, Campbell, & Hudak, 2005; Siddharthan, Nelson, & Weisenborn, 2005) . Research also indicates that those who do not attend workplace health promotion activities may be at higher risk for WRI (Yen, Edington, McDonald, Hirschland, & Edington, 2001) . However, little is known about how health and wellness programs influence hospital employee WRI.
Because of rising workers' compensation claim costs (Fisher & Welch, 1995) , Veterans Affairs-based health care institutions such as the Central Arkansas Veterans Healthcare System (CAVHS) are becoming increasingly concerned about preventing WRI and rehabilitating employees who have been injured and have open workers' compensation claims (CAVHS, 2000a, b) . The CAVHS Employee Health Service attempted to minimize its costs and promote employee health and safety by improving policies and procedures to screen for WRI risk and develop protocols to promptly treat and later assist employees in returning to work after injury. However, little data exist on the measurement or quantification of important factors that could influence hospital employee health, such as age, gender, employment type, employment status (fullor part-time), shift length, BMI, and health and wellness activity attendance. As a first step toward reducing WRI and improving employee health, researchers explored the relationship between these risk factors and WRI in hospital employees.
METHODOLOGY Design
A retrospective case-control design was used to examine select risk factors for WRI among CAVHS employees. Data were gathered via review of CAVHS employee health charts, documents, and computer databases.
Sample, Data Collection, and Analysis
The case participants were CAVHS employees with lost-time claims because of WRI from fiscal years 1997 to 2002 (n = 509). Injured employees whose claims had been denied were excluded. Participantsin the control group were 26 uninjured CAVHS employees who worked during the same time period (n = 1,541). Employees with known histories of prior WRI were excluded from the control group. Control participants were randomly selected from the CAVHS employee health records located in Little Rock and North Little Rock, Arkansas. Records for both case and control participants were housed in the same locale.All uninjured employees with Employee Health records had an equal chance of being represented in the randomly-selected control group. The study was approved by the University of Arkansas for Medical Sciences' Human Research Advisory Committee Institutional Review Board, the CAVHS Research and Development Committee, and the CAVHS Department of Human Resource Management Services.
The Statistical Package for the Social Sciences (SSPS Inc., Version 10, Chicago, IL) software was used for data analyses. The individual relationship between each discrete variable and WRI was studied with contingency table analysis, using the chi-square test to derive the p-value, which indicated whether a significant relationship between the two variables (p < .05) existed.
The individual relationships between each continuous variable and WRI were analyzed using logistic regression analysis and purposeful modeling as described by Hosmer and Lemeshow (2000) . These models estimated the risk as an odds ratio, loosely defined as the chance that an event (WRI) is likely to occur, and included respective confidence intervals. The estimated odds ratio is usually described in terms of a reference category for discrete variables and is a more exact estimate of the chance that an event is likely to occur for continuous variables, given a linear distribution of the data (Hosmer & Lemeshow, 2000) .
StUdy Variables
All data were collected from employee charts. Age in years and gender were self-reported. Employment type was categorized into direct caregiver, maintenance, clerical, and custodial groups based on job responsibilities, work environment, and patient contact (Table 1) . Employment status (hours worked per 2-week pay period) was coded as full-or part-time. The Fair Labor Standard Act, USDL, does not define full-time versus part-time employment. This is a matter generally to be determined by the employer. According to the CAVHS, full-time employees are those who work greater than or equal to 36 to 40 hours per week or 72 to 80 hours per 2-week pay period. Part-time employees work less than 36 to 40 hours per week or less than 72 to 80 hours per 2-week pay period (CAVHS, 2000b; USDL, 2005) . Shift length (hours worked per shift) was coded as 8 or 12 hours. BMI was calculated as weight in kilograms divided by height in meters squared. Attendance at the CAVHS health and wellness fair was recorded as yes or no. Work-related injuries were defined as: • Strain: An injury resulting from the exertion of lifting, pushing, or pulling or positional injuries. • Repetitive motion or cumulative trauma disorder: An injury acquired over time from continuously performing the same movements (e.g., carpal tunnel syndrome). • Exposure/reaction: An injury involving exposure or reaction to chemicals, allergy to a noxious substance or event, latex allergy, stress or emotional trauma, laceration or needlestick, and other unclassified WRI.
• Contact/assault: An injury that includes being struck by, struck against, coming in contact with a stimulus for injury, physical assault by a patient or the public, motor vehicle accidents, and slipping or tripping with or without falling.
RESULTS
Relationship Between Risk Factors and WRI
The discrete variable characteristics of CAVHS employees at the time of their first injuries are displayed in Table 2 .
Age. The average ages of injured and uninjured employees differed significantly using a two-sample t-test. The average age of the uninjured employees was approximately 2 years less than the average age of the injured employees (43.7 versus 45.8, p < .0001). WRI and age were slightly, but significantly, related (p = .0012) (Table  3 )-the risk of WRI increased with age (OR 1.02; 95% CI 1.01, 1.03).
Gender. Fewer men (21.7%, n = 852) than women (27.1 %, n = 1,198) were injured (p = .006). The Wald chisquare statistic provided strong evidence of a relationship between WRI and gender (p < .0001) (Table 3) with the risk ofWRI significantly greater among women (OR 1.3; 95% CI 1.06, 1.59).
Employment type. Of those injured, more than onequarter (25.6%, n = 999) were direct caregivers, 43.5% were maintenance employees (n = 85), 17.6% were JANUARY 2006, VOL. 54, NO.1 clerical employees (n = 762), and 40.2% were custodial employees (n = 204) (p < .0001). The Wald chi-square statistic demonstrated a significant relationship between WRI and employee type (p < .0001) (Table 3) . Workrelated injury was more likely (OR 2.84; 95% CI 1.72, 4.71) among maintenance and custodial (OR 2.079; 95% CI 1.463,2.954) staff than among direct caregivers and less likely (OR .556; 95% CI .435, .711) among clerical staff than direct caregivers.
Employment status. Almost one-third (28.2%, n = 1708) of the full-time employees were injured, whereas only 8.2% of the part-time employees (n =342) were injured (p < .0001). The Wald chi-square statistic indicated a significant relationship between WRI and employment status (p < .0001) (Table 3) , with the risk of WRI less in part-time employees (OR .252; 95% CI .167, .381).
Shift length. Slightly less than a quarter (24.0%, n = 1,793) of the 8-hour workers were injured, whereas 30.4% of the 12-hour workers (n = 257) were injured (p = .029). The risk ofWRI was greater for 12-hour workers (OR 1.38; 95% CI 1.03, 1.84). However, the Wald chi-square statistic did not indicate a significant relationship between WRI and shift length when all other parameters were included in the model (p = .8763). Because of the high p-value, this variable was not entered into the final model. BM!. To determine whether the average BMI of injured and uninjured employees differed significantly, a two-sample t-test was used. The average BMI of uninjured employees was significantly lower than the BMI of injured employees (26.7 versus 29.5, p < .0001). Results indicated that employees with a BMI of 26 (overweight) were only at slightly higher risk of injury. However, as the BMI increased to 29 (moderate to severe obesity), the risk of injury rapidly increased. Hence, the Wald chisquare statistic indicated strong evidence of a relationship between WRI and BMI (p < .0001) (Table 3) with the risk of WRI increasing as BMI increased (OR 1.07; 95% CI 1.05, 1.09).
Health and wellness program attendance. Among those employees who did not attend the health and wellness activity (66.6%, n = 1,365), slightly less than onequarter (23.7%, n =324) of the employees were injured compared to 27.0% (n = 185) of injured employees who did attend. This difference, however, was not significant. The Wald chi-square statistic suggested there was not sufficient evidence to conclude a statistically significant relationship exists between WRI and health and wellness activity (p = .082).
Older age, higher BMI, women, employment as maintenance or custodial workers, and full-time work were significant predictors of WRI. Direct caregivers were less likely than maintenance or custodial workers to experience WRI and clerical workers were least likely of all employees to be injured.
DISCUSSION
Among the 2,050 CAVHS employees studied, those who were injured were slightly older than the uninjured employees. This finding is consistent with the literature 28 indicating that the risk ofWRI increases with age (Faucett & Werner, 1998; NIOSH, 1997; USDL, 1997) . Women in this study were at higher risk for WRI than men. This finding conflicts with literature indicating that men are, in general, at higher risk for WRI (CDC, 1998) . The literature indicates that women tend to experience a higher incidence of contact/assault, strain, and repetitive motion disorders, especially in the hospital setting, results supported by this study (Alcouffe et al., 1999; BLS, 2000a; Dempsey et al., 1997) .
Maintenance employees were almost three times as likely as direct caregivers to be injured, custodial employees were twice as likely to be injured, but clerical employees were only half as likely to be injured as their direct care counterparts. Of all employee types, custodial employees experienced the most injuries. One explanation for this is that custodial employees are responsible for removing waste from and working with chemicals in various areas of the hospital, including patient areas. This places custodial employees at increased risk for contact with chemicals, environmental toxins, and sharps that have been improperly discarded. In addition, custodial employees, who are extremely mobile during the workday, are at higher risk for slipping, tripping, and falling when walking on freshly mopped or waxed floors. Custodial employees may also lift, push, pull, and transport heavy items as part of their daily duties, which increases their risk for strain injuries. < .0001
Note. For the continuous predictor variables (i.e., age and8MI) a positive estimated regression coefficient implies thatthe probability of injury increases when the predictor variable increases in value. For a discrete predictor variable, a positive coefficient suggests thatthe probability of injuryfor the indicated "category" is greater than the probability of injuryin the reference category, and a negative coefficient suggests thatthe probability is less. The reference category forgender is "women," for employee type, "direct caregiver," andfor employment status "full-time."
The finding of increased risk for WRI among maintenance employees is congruent with previous research and may be the result of the physical nature of their job duties (Brown & Thomas, 2003; Tsai et al., 1992) . For example, they often operate awkwardly positioned heavy machinery with moving parts, and the risk for strain, limb dismemberment, or electrical shock may be heightened.
Direct caregivers were at risk for myriad injury types due to the environmental hazards they encountered throughout the workday. In this study, direct caregivers were at particular risk for strain injuries, which is consistent with the literature (Faucett & Werner, 1998; Myers et al., 1999) . Clerical workers may have been at lower risk for injury in this study because they experienced only repetitive motion injuries, also consistent with the literature (BLS, 2000a; Brown & Thomas, 2003; CDC, 1998; NIOSH, 1997 NIOSH, , 2002b . Because different employees were at different risk levels for WRI, occupation or service positions should be considered when restructuring hiring practices, evaluating fitness for duty, and developing ways to educate and train workers in workplace safety.
Part-time employees in this sample were 25% as likely as full-time employees to be injured. This finding is consistent with other research (Brown & Thomas, 2003; Morris, 1999) . However, this finding may simply be related to part-time employees working fewer hours. A higher percentage of 12-hour shiftworkers were injured, and their risk for WRI was higher than that of 8-hour workers. Although this difference was not significant, the high WRI rate may indicate that unpredictable and longer shift schedules promote inconsistent safety practices, increased fatigue, and subsequent WRI risk. Further research is warranted to substantiate the influence of shift length on WRI.
A BMI greater than 25 is considered overweight, and a BMI greater than 30 is considered moderately to severely obese (Faucett & Werner, 1998; Myers et al., 1999) . Although employees who were injured in this study had a significantly higher average BMI than those not injured, the average BMI for all employees in the study indicated JANUARY 2006, VOL. 54, NO.1 they were overweight. For injured employees, the average BMI was in the moderate to severe range of obesity. These results are consistent with the literature indicating that as BMI increases, the risk for WRI increases (Spaine & Bollen, 1996) .
A slightly higher percentage of injured employees, compared to uninjured employees, had attended health and wellness activities. Further analyses revealed that 35.9% of the women in the sample attended health and wellness activities compared to 29.9% of the men (p = .005). Thus, the slightly higher injury rate among health and wellness activity attendees may have been because more women attended the activity, and women had a significantly higher injury rate than men. It may also suggest a need for training to reduce WRI, using evidence-based teaching methods to encourage employees to be aware of the adverse effects of WRI on their personal and work lives. A key aim of the training is to provide employees with easily remembered strategies to prevent the types of injuries to which they are most prone. Additional research is required to better understand the role of health and wellness activity attendance in reducing WRI among hospital employees.
CONCLUSION AND RECOMMENDATIONS
In this study, the relationships between WRI and seven specific predictors were examined. While there were limitations to this study-the possibility of measurement error because of missing data from preplacement physical examinations and a high proportion of women to men, which may have skewed some of the data-the results indicate that WRI increases with age and is more often suffered by women than men. Work-related injury is greater among maintenance and custodial staff than direct caregivers, and less among clerical staff. WRI occurs less often among part-time staff than full-time staff and the incidence of WRI increases with higher BMI.
The increased risk for injury with aging has important implications for occupational health care providers. Older workers should be carefully screened during preplacement examinations to match the employee's fitness for duty to the functional requirements of the job based on federal and union guidelines (Kashima, 2003) . Research indicates that carefully tailored preplacement examinations, as well as safety surveillance and training programs, may reduce injuries and workers' compensation costs, particularly among the youngest and the oldest workers with less than 5 years of job experience (Jovanovic & Jovanovic, 2004) . Such programs may include a fitness-for-duty program consisting of three components (Melhorn, Wilkinson, Gardner, Horst, & Silkey, 1999) : • Physical examination, including a functional capacity evaluation.
• Education on safe body mechanics. • Physical fitness.
According to the results of this study, female employees may need educational interventions, such as personal safety seminars that emphasize violence prevention to protect them from assault. Ergonomics training and musculoskeletal strengthening exercises also help female employees to reduce or prevent injuries involving cumulative musculoskeletal trauma.
It is important to provide education on safe work practices and ergonomics training for high-risk hospital employees, such as direct caregivers and maintenance and custodial employees. Targeted prevention strategies, such as worker self-assessment of total physical effort demanded by a job and periodic monitoring of work force job satisfaction, may decrease the incidence of overall WRI and illnesses (Dembe et al., 2004) . Previous research has indicated that success of work injury prevention and early return-to-work programs may be improved by using an iterative approach to identify opportunities, develop interventions, and achieve targets through continuous measurement and management. In addition, the integration of multiple disciplines and the overall emphasis on employee productivity and its cost should be key foci of the programs (Bernacki, Guidera, Schaefer, & Tsai, 2000; Bunn, Pikelny, Slavin, & Paralkar, 2001) . However, in developing the most beneficial interventions to prevent WRI, individualized assessment must remain part of overall occupational safety programs. One study found that, among those workers at risk for musculoskeletal strain injuries, individuals developed symptoms as a consequence of numerous factors that appeared to be unique to different regions of the body and related to distinctive work environments and task characteristics (Sizer, Cook, Brismee, Dedrick, & Phelps, 2004) .
Although an employee's BMI cannot easily be changed, hospitals can implement programs to train highrisk employees to avoid injury. For example, the current CAVHS Employee Health and Wellness Fair and other hospital wellness programs could be restructured to offer assistance with lifestyle changes affecting BMI, such as weight loss, diet management, and physical fitness (Brown & Thomas, 2003; Nieuwenhuijsen, 2004) .
This study identified hospital employee groups at higher risk for injury. Such employees may benefit from protective interventions such as appropriately planned training and health screening programs that focus on 30 fitness, ergonomics, and safety and better matching employee candidates to desired positions. Although various employee types can be at risk for WRI for varying reasons, constructing injury risk profiles may allow for tailored preventive measures, education, preplacement screening, and rehabilitation of injured employees while minimizing workers' compensation costs.
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